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Description 

SPECIFICATION 
TECHNICAL FIELD: 

[0001] Th9 present invention relates to a process for preparing an isobutene polymer. More particularly, the present 
invention relates to an advantageous process for preparing an isobulBne polymer having functional groups at the 
terminals in the presence of an initiator. 

[0002] The polymer prepared by the process disclosed heroin exhibits excellent weathering resistance and gas bar- 
rier properties and good electrical insulating properties, and thus can be advantageously used as a starting material 
of coating agent, sealing agent, sealing compound for electronic material, etc. 

TECHNICAL BACKGROUND: 

[0QD3] Among lelechelic polymers, i.e. , polymers having Junctional groups at a plurality of terminals, polymers having 
vinyl groups al both terminals are useful as starting! materials of photo-setting resins, ultravio)et(UV)-curing resins, 
electron radiation-curing resins, sealing compounds for electronics, adhsslves. modifiers, coating materials, sealing 
compound for building, etc. 

[00041 A functional group-terminated polymer (terminal functional polymers), e.g.. isobutene polymer having a chlo- 
rine atom bonded to a tertiary carbon at both terminals has been Known to be produced by an inifer process which 
comprises the cationic polymerization ol isobutene in the presence of 1 ,4-bte(a-chloroisopropyl)benzene (hereinafter, 
simply roforrod to as 'p-DCC) as an Initiator/chain transfer agent and boron trichloride as a catalyst (cf, U.S. Patent 
4,276,394). 

[0005] Further, many reports have been made by Kennedy ot al., that when mo foregoing cationic polymerization 
reaction is effected in a solvent containing a halogenated hydrocarbon (e.g., methyl chloride, methylene chloride) in 
the presence of an electron donor, an isobutene polymer having a small Mw/Mn value as determined by GPC, i.e., 
uniform molecular weight can be obtained (Journal of Macromolecular Science Chemistry, A1 8 (1 ), 25 (1 9B2>, Polymer 
Bulletin, 20, 413 (1988), Polymer Bulletin, 26. 305 (1991), JP-A-1-318014 (the term \JP-A* as used herein means an 
"unexamined published Japanese patent application 0 )). 

10006] The Inventors made extensive studios of process for the production of an isobutene polymer by the foregoing 
inirer process on a commercial basis. In tho course of the studies, the following problems were made clear. 

(1) Since the polymerization reaction is normally effected at low temperatures, the solvent used exhibits a reduced 
dissolving power. Accordingly, when the monomer concentration is increased to enhance the yield, the resulting 
polymer separates out. Thus, the monomer concentration can hardly be enhanced Referring to the process for 
the preparation ot butyl rubber, etc. , examples of the preparation process which comprises the precipitation ot the 
resulting polymer have been reported. However, the precipitation of the polymor during the polymerization reaction 
must be avoided to reduce the molecular weight distribution of the polymer. . 

(2) The polymerization reaction rate is high. Therefore, when the monomer concentration is increased, the resulting 
heat generation during polymerization makes it difficult to control the reaction temperature. If the rise in the reaction 
temperature fs too groat, undesirable side reactions such as proton-initiated reaction and chain transfer reaction 
occur, Increasing the molecular weight distribution (Mw/Mn> of tha polymer and making it difficult to control the 
terminal functional groups. This disadvantageou6ly produces a mixture ol polymers having the following three 
terminal groups: 

Chlorine terminal: -CHgC(CH a )gCI 
Isopropenyl terminal: -CH 2 C(CH a )=CH 2 
Internal olefin terminal: -CH=C(CH 3 ) 2 

In particular, if p-DCC is used, tho rise In the monomer concentration gives a problem of subsidiary pro- 
duction ot a large amount of an indanyl group having the following structure: 
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(3) Besides the effects on the properties of the polymer thus produced, the problem ol toxicity caused by the use 
of a halogenic solvent arises. Most halogenated hydrocarbons are highly toxic. Halogenated hydrocarbons have 
recently drawn attention from the standpoint of environmental pollution. Thus, the exhaust of halogenated hydro- 
carbons out of the system Is now undor severe regulation. The use of a halogenated hydrocarbon which has 
s heretofore been used in the polymerization reaction, such as methylene chloride and methyl chloride presents 

problems of deactivation of the catalyst after the polymerization reaction and disposal of waste water or waste 
solvent containing halogenated hydrocarbon generated at the rinsing step. In order to satisfy the regulation on 
exhaust, large scale facilities and high disposal cost are required The regulation will likely be severer in the future, 
requiring further countermeasures. 

JO 

[0007] It has been widely Known that when the temperature of the polymerization reaction is raised, carbocations at 
the growth terminal become instable, causing side reactions 6uch as chain transfer and production-of indanyl group 
(J.R Kennedy. E. Marecha!, Carbocationic Polymerization, John Wiley & Sons (19B2)). 

[oooe] The rise In the monomer concentration gives a greater rise in the temperature ol the polymerization reaction. 
'5 Therefore, the monomer concentration used in examples which have been roported la low and normally not more than 
1 moltf (Polym. Bull., 21, 5 (19B9), Polym. Bull,, 21, 125 (1989), Polym. Bull., 21, 273 (1989), Polym. Bull., 21, 293 
(19B9), Polym. Bull., 26, 305 (1991), Polym. Bull, 29, 239 (1992)). 

[0009] However, from the industrial viewpoint, it has been Keenly desired to raise the weight ol polymer which can 
be produced per unit volume. 

*o [ooi o] Since carbocalions as growth seeds must bo stable in the polymerization of isobutene jn a living callon system, 
it has heretofore been considered preferred to effect the reaction In a solvent having some polarity at a temperature 
low enough to allow cations to be present in a relatively stable state. An isobutene polymer exhibits a low solubility in 
a polar solvent such as methyl chloride and methylene chloride at low temperatures. Thus, a hydrocarbon solvent may 
be incorporated in the polar solvent to increase the solubility of the isobutene polymer in the polar solvent. However, 

*s a report was made that the use of a mixture of methyl chloride and hexane wherein the proportion of hexane is not 
less than 40% causes chain transfer which appears in the form of two peaks on GPC chart (bimodal) (Polym. Bull., 
21 . 273 (1 989)). The phenomenon that two peaks appear on GPC chart demonstrates the rise in the molecular weight 
distribution and is thus undesirable. 

[0011] Further, JP-A-3-1 74403, JP-A-3-287605, and US, Patents 4,327,20^1 and 5,169,914 disclose that asapo- 
30 jymerization solvent there may be used an aliphatic organic solvent such as butane, pentane, hexane and heptane, 
aromatic organic servant such as benzene, toluene and xylene, nitro compound euch as nitromethane and nitroothane, 
halogenated organic solvent or mixture thereof without any restriction 30 far as it exerts no adverse effects on the 
polymerization activity of the Initiator. 

[0D12J However, the examples in these patents merely give examples of a mixture of methylene chloride and hexane 
35 having a high polarity. Further, the resulting isobutene polymer contains a largo number of indanyl groups as by-prod- 
ucls. Thus, desirable polymers cannot be obtained. Moreover, as described in the comparative examples of the present 
application, the polymerization In the presence of hexane, which has a low polarity, produces an Isobutene polymer 
having a molecular weight distribution (Mw/Mn) as extremely high ae 7.02 and a largo number ol Indanyl groups. 11 
has thus been made clear thai the foregoing polymerization process is not desirable. 
40 [0013] An object of the present-invention is lo solve the foregoing problems and thus provide a process for the 
preparation of an industrially favorable isobutene polymer. 

DISCLOSURE OF THE INVENTION: 

[0014] The inventors found that the conventional problems can be solved by the use of a solvent having a specified 
dielectric constant. The inventors also found that the use of such a solvent makes It possible to obtain the desired 
isobutene polymer having a small molecular weight distribution without using the halogenated hydrocarbon which has 
heretofore been used, if no halogenated hydrocarbons are used, there arises no problem of the discharge of halogen- 
ated hydrocarbons. This advantageously provides a drastic reduction of facilities and cost required for disposal of 
so waste water, making it possible to solve the foregoing problems (1) to (3) at once. However, whether or not such a 
halogenated hydrocarbon is present has no specific effects on the properties ol the resulting polymer. Even if a solvent 
containing a halogenated hydrocarbon is used, when the content of halogenated hydrocarbon is reduced to tower ihe 
polarity of the solvent, the foregoing problems (t ) and (2) can bo solved. 

[0015] The present invention relates to a process for preparing an isobutene polymer having functional groups at 
55 the terminals at a temperature of from not lower than -100*C to not higher than G»C from the following components as 
essential components: 

(A) a catlonlcalry polymerizaWe monomer containing ieobutene; 
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(B) an organic compound as an initiator/chain transfer agent represented by formula (1): 




(1) 



10 



is 



20 



30 



as 



40 



45 



wherein X represents a halogen atom, an RO- group or an Rcor>group (in which H represents a monovalent 
organic group); R 3 represents a polyvalent aromatic group or a substituted or unsubslituled polyvalent aliphatic 
hydrocarbon group; R1 and R*may be the same or diff orant and each represent a hydrogen atom or a subsisted 
or unsubslituled monovalent hydrocarbon group, with the proviso that when R* is a polyvalent aliphatic hydrocarbon 
group, one of R 1 and R 2 is not a hydrogen atom; and n represents an integer ol lrom 1 to 6; 

(C) an aprotic solvent froo of halogenaled hydrocarbon; and 

(D) a Lewis acid, excluding dialkyl aluminium chloride and dialkyl boron chloride wherein the component (C) exhibits 
a dielectric constant of from not less than 2.0 to not morB than 4.0 at a temperature of 20 9 C. 

[001 6] Furthermore, the invention relates to a process for preparing an isobutone polymer having functional groups 
at the terminals at a temperature of from not lower than -100>C to not higher than 0°C from the following components 
as essential components: 

(A) a cationicalty polymerizable monomer containing isobutone; 

(B) an organic compound as an initiator/chain transfer agent represented by formula (1): 



wherein X represents a halogen atom, an RO group or an RCOO-group (in which R represents a monovalent 
organic group); R 3 represents a polyvalent aromatic group or a substituted or unsubstituted polyvalent aliphatic 
hydrocarbon group; R 1 and R2 may ba the same or dlflerent and each represent a hydrogen atom or a substituted 
or unaubstituted monovalent hydrocarbon group, with the proviso that when R 3 is a polyvalent aliphatic hydrocarbon 
group, one of R 1 and R a is not a hydrogen atom; and n represents an integer of 1rom 1 to 6; 

(C) an aprotic solvent containing halogenaled hydrocarbon; and 

(D) a Lewis acid, excluding dialkyl aluminium chloride and dialkyl boron Chloride wherein the component (C) exhibits 
a dielectric constant of from not less than 3.5 to not more than 5.5 at a temperature of 20*C> 

[0017] Tho component (C) contains preferably an aromatic hydrocarbon. 

[001©] The component (C) is preferably a mixture of an aromatic hydrocarbon and an aliphatic hydrocarbon. 
[0019] In a preferred embodiment the component (C) exhibits a dielectric constant of from not loss than 2.0 to not 
more than 2.5 at a temperature of 20°C. 

[0020] The aromatic hydrocarbon can be selected lrom the group consisting of benzene, toluene, xylene and athyl- 
benzene. 

[0021] The concentration of the component (A) in the system b preferably from 5 to 40 wt%. 

[0022] The component (0) may bo selected from the group consisting of p-dicumyl chloride, m-dfcumyl chloride, p- 

dicumyl methoxido, m-dicurnyl melhoxlde, 1,3,5-tricumyl chloride and 1,3,5-tricumyl methoxlde. 

[0023] The component (D) may bo boron trichloride or titanium tetrachloride, 

[0024] An electron donor may further be added as a component (£) In addition to tho components (A).to (D). 
[0025] The invention relates also to a process for preparing an Isobuteno polymer having carbon-carbon double 
bonds at the terminals, which comprises adding an ally! trimethylsilane in an amount of from 0.5 to 1 .5 mol per mol of 
the group X In the component (B) before the formation of an Isobutone polymer terminated by functional groups as 
described above or before iho deactivation of the component (D) following tho formation ol the Isobutone polymer. 
[0026] The invention relates also to a process lor preparing an isobutone polymer having carbon-carbon double 
bonds at the terminals, which comprises adding 1,9-decadieno in an amount ol from 1 .5 lo 10.0 mol per mol of the 
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oroupXInlhecomponeni (B) before theformalion of an isobutene polymerterminaiedbyfunctional groups as described 
above or bofora ihe deactivation of the component (D) following the formation of the isobutene polymer. 
[0027] In tho present Invention, the number-average molecular weight (Mn) ol the Isobutene polymer » usually from 
. 500 to 300 000, preferably from 1,000 to 50,000. It Mn Is smaller than 500. the excellent characteristics inherent to 

5 isobutene polymere are lost. On the contrary, it Mn exceeds 300,000, the resulting polymer is solid, extremely deteri- 
orating its workability. The number-average molecular weight (Mn) and Mw/Mn value of the isobutene polymer wore 
determined by GPC using a polystyrene gel column (Shodex K-B04. manufactured by Showa Oenko K.K.; mobile 
phase: chlorolorm) in polystyrene equivalence. ,, . • ,„ a mnn 

[0028] The term "cationicalV potymerizable monomer containing isobutene" as used herein isnot limited to a mon 

w omer made only of isobutene but Is meant to include a monomer tho isobutene component of which is subsuiuted by 
a cationically potymerizable monomer copolymerizable with isobutene in a proportion ol not more than 50% by weight 
(hereinafter, simply referred to as "%"). , h«,a,« 

0029] Examples of the cationically polymerizable monomer copolymerizable with isobutene include olefins having 
3 to 12 carbon atoms, conjugated dlenes, vinyl ethers, aromatic vinyl compounds, noroornenes, and vinyl silanes. 

« Preferred among these cationically potymerizable monomers are olefins having 3 to 1 2 carbon atoms and aromatic 

nffi° m spec«te examples of the cationically potymerizable monomer oopotymerizable wilh Isobutene usually include 
propene, 1-butene. 2-buteno, 2-methyl-l -butene, 3-methyM -bulene, pentene, hexene, cyclohexene, wnyl cyclohex- 
ane, 5-ethylidanonorbomene. S-propylldenenorbomene. butadiene, isoprene. cydopentadlene, methyl vinyl ether. 
to ethyl vinyl ether, isobutylvinyl ether, vinyl carbazole, melhoxystyrene. etho^tyrene.t-butoxyetyrone.^xenyloxysty- 
rene, styreno. ^melhylstyrene. methylstyrena, dimethylstyrene. chloromathytetyrene, chlorostyrene. mdene N™**. 
vinyltrichlorosilane, vlnylmethyldichtaroellane, vinyldlmethylchloroellane. vinyldlmethylmethoxysilane^ yinyftnmethy s - 
|an*.dMnyldWitaM»ane.dMnyic«^ 

Inylmathylsilane. ^methacrytoyloxypropyttrimethoxysilane. and Y-methacryloyloxypropylmathyldimethoxysHane. 
bb [0031] Preferred among these cationically polymerizable monomers are propene. 1 -butono. 2-buteno, cyclopenta- 
dieno o^thylidenenorbomene. isobutyl vinyl ether, methoxystyrene. and styrene. One of these cationically P«ymer- 
izablo monomers copolymerizable with isobutene may be used in combination with isobutene. Two or more of those 
cationically polymerizable monomers may be used in combination. 

[0032] In the present Invention, this monomer concentration during polymerization is normally from 1 to /t> whs,, 
so preferably from 5 to 60 wt%, more prelerably from 10 to 40 wt%, most preferably from 15 to 30 wt%. If the monomer 
concentration is less than 1 wt%, the production efficiency. Is disadvantageous* reduced, though causing no troubles 
on the polymerization itself. Itthe monomer concentration exceeds 75 wt%, the polymerization system is a precipitation 
system, making it impossible to obtain a good polymer. 

[0033] Examples of the compound representad by the foregoing formula (1 ) of the present Invention include a com- 
35 pound represented by formula (2): 



46 



AY 2 » 



40 wherein A represents a group having 1 to 4 aromatic rings; Y represents a group represented by formula (3): 

I 



-C-X 



(3) 



(in which R6 and W may be the same or different and each represent a hydrogen atom or a monovalent hydrocarbon 
*> group having 1 to 20 carbon atoms; x represents a halogen atom, an R*COO- group (R 4 represents a hydrogen atom 
or an alkyl group having 1 to 5 carbon atoms) or an R«0- group <R& represents a hydrogen atom or an alky) group 
having 1 to 5 carbon atoms)); and n repreeents an Integer ol from 1 to 8; 
a compound represented by formula (4): 

(4) 
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wherein B represents a substituted or unsubstituted hydrocarbon group having 4 to 40 carbon atoms; 2 represents a 
halogen atom bonded to tertiary carbon atom, an F^COO- group (in which R e represents a hydrogen atom or an alky) 
group having 1 to 5 carbon atoms) or an fPO group (in which R B represents a hydrogen atom or an alkyi group having 
1 to 5 carbon atoms); and m represents an Integer of from 1 to 4; and an oligomer having a-halostyrons units. However, 
the present invention is not limited to these compounds. These compounds may be used singly or in combination. 
[0034] In the compound represented by the formula (2), the group A having 1 lo 4 aromatic rings may be either one 
produced by a condensation reaction or may be an uncondensed product. Examples of the group containing aromatic 
rings Include phenyl, biphenyl, naphthyl, anthryl, phenanthryl, pyrenyl, di- u> pentavalenl groups derived from those 
groups, and mono- to hexavalem groups derived from Pri^CR^-Ph (in which Ph represents a phenyl group, and 1 
represents an Integer of from 1 to 1 0). Those groups having aromatic rings may be substituted by straight-chain and/ 
or branched aliphatic hydrocarbon groups having 1 to 20 carbon atoms or groups containing a functional group such 
as hydroxy! group, ether group and vinyl group. 

[0035] As the compound represented by the formula (4). there may also bo used one having a functional group olher 
than Z, such as vinyl group and siJyl group. 

[0036] Examples of the oligomer having an a-habstyrene unit, which can be used as the initiator/chain transf er 
agent, include oligomers of ct-chloroslyrene, and oligomers obtained by the copotymerization of a-chlorostyrene with 
a monomer copofymerizable therewith. 

[0037] In the present invention, the use of a compound having two or more halogen atoms, F^COO- groups (In which 
R 4 represents a hydrogen atom or an alkyl group having 1 to 5 carbon atoms) or FP& groups (in which R 5 represents 
a hydrogen atom or an alkyl group having 1 to 5 carbon atoms) or a compound having a halogen atom, an R*COO- 
group or an RSO- group and other reactive functional groups, from among the compounds represented by the formula 
(1), as an initiator/chain transfer agent, can advantageously provide the resulting polymer with a higher functionality. 
[0038] Specific examples of the compound represented by the foregoing formula (1 ), which can bo usually employ ed, 
include the following compounds: 







CH 3 



CH3 



CH 3 
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. c ch 2 ch 2 ch 2 c - ; 

CH 3 CH * 



X-C— CH 2 CH2 — C-X CM 3 -C-X 
CH 5 CH 3 , ' CH 3 



(n-C e H 17 ) (n-C Q H 17 ) ^ CH:> cH 3 

X-C- CH 2 CH 2 CH 2 CH 2 - C - X X-C" CH^CH* - C - CH 2 CH2 - C - X 

I f CH 3 CH 3 CMj 
55 (n-CaH-i?)- (n-C e Hi 7 ) 



50 CHo 

H a C^CH-CH 2 CH 3 CH 3 CH 2 ~ O CH * *~ X , H 2 C=CH-CH 2 CH 2 CK 3 CH 2 - C - X 

CH 3 

55 



4(7 



SO 



SS 



and 



n 

H 2 C=CH-CH 2 CH2Cn 2 CH2 - O C " X 



CH 3 



*s wherein X represents a halogen atom, an F^COO- group (in which R 4 represents a hydrogen atom or an alky! 
group having 1 to 5 carbon atoms) or an R^O- group (In which represents a hydrogen atom or an alkyl group 
having 1 to 5 carbon atoms); and 

oligomer of a-chlorostyrene. However, the present invention is not Jlmited lo thasa compounds. Preferred among 
these compounds are compounds ouch as 



CH 3 CH 3 ? H:, /^rv ? Ha 



CH 3 CH 2 
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S CCI(CH 3 ) 3 



10 



C I — C CH 3 CH 2 P — C| 



20 



25 



40 and 



so 



Cl ~ ? CH 2 CH a CH 2 — <Q)- c - CI a - C C — CI 



CHq CH 3 CH 3 

I I I 

Cf-C — CH 2 CH2 -C— CHjCH2 — C - C] 
i f I 

CH 3 CH 2 CH 3 



CH 3 

I 



H 2 C=Cn.CH 2 CH2CH2CH2 — ® CH 2 C ' H 2 C=CH-CH a CH 2 CH 2 CH 2 — C - CI 



CH 3 



H 2 C=CH-Cn 2 CH 3 CH 2 CH 2 — O C - Ct 



I 

CH 3 



CH3COO- group-containing compounds such as 



S ? H > n 

CH 3 CO — C-CH 2 ^ C-CH 2 — C-CH 2 -0 — CCHj 
CH 3 CH 3 CH 3 



S 
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0 CH 3 CH 3 CH 3 O 

CH 3 CO — C-CH 2 -C-CH 2 -C-CH ? -0-CCH 3 
I I I 

CH 3 O CH 3 

C = 0 



70 



n ?V ?S a- CH3 / C(CH5)2 ° CCHj 

• CH 3 \ 

20 C(CH 3 > 3 OCCH 3 



and CH3O- group-containing compounds such as 

CH 3 CH» ^3 l ? H5 / — 

50 CH 3 CH q CH 3 , CH 3 CH 3 



and 
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C(CH 3 ) 2 OCH 3 



C(CH 3 ) 2 OCH 3 



[0039] These compounds are components which are used as initiators/chain transfer agents. Those compounds 
ma/ be used singly or In admixture in the present invention. By controlling the amount of these compounds lo bs used, 
-3 the number-average molecular weight of the resulting isobutene polymer can be arbitrarily predetermined. 

[0040] In the present invention, the amount of the compound represented by the foregoing tormula (1 ) to be used is 
usually from 0.01 to 20% by weight, preferably from 0.1 to 10% by weight based on the weight of the cationically 
polymerizabla monomer containing isobutene. 

[0041] As the Lewis acid which can be used In the present invention, Ihere may be used any known metaJ complex 
so apart from dialkyl aluminium chloride and dialkyl boron chloride. In general. Ticu, BCI 3> SnClj, AlCfe, CH 3 CHaAICI 2 , 
VCt FeCI 3 . BFa. etc. may be used. However, the present invention (s not limited to these compounds. Preferred among 
these Lewis acids are HCI4 and BCI 3 . 

[0042] In the present Invention, the Lewis acid is usually used In an amount of from 0. 1 to 100% by weight, preferably 
from 1 to 30% by weight based on the weight of the cationically porymerizable monomer containing isobutene. If the 
*s amount of the Lewis acid to be used as a catalyst component falls bolow 0.1% by weight, a problem arises that the 
yield of the product of the cationic polymerization reaction is reduced. On the contrary, il the amount of the Lewis acid 
exceeds 100% by weight, no merits can be obtained. 

[0043] In the present invention, the aprotic solvent free of halogonated hydrocarbon, if used as a polymerization 
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solvent, should have a dielectric constant of Irom not less lhan 2.0 to not more than 4.0 at a temperature of 2Q°C, If 
the dielectric constant of the solvent falls below 2, a good isobutene polymer could not be obtained. (Therefore, pentane, 
hexane, etc. cannot be used as single solvent.) 

[0044] Examples of the aprotic solvent free of halogenated hydrocarbon to be used as a polymerization solvent 
5 include butane, pentane, neopentane, hexane, cyclonexane, methylcyclohexana, ethylcyclohexane, heptane, octane, 
benzene, toluene, xylene, and ethylbenzene. preferred among these aprotic solvents are toluene, hexane, and hep- 
tane. 

[004S] Examples ol the mixed solvent (mixing ratio (vol/vol)) include various combinations such as toiuene/hexane 
(5/5 to 10/0), toluene/heptane (5/5 to 10/0), totuene/methylcyclohexana {5/5 to 10/0) and tojueno/othylcyclohexane 

io (5/5 to 10/0). One ot unexpected merits wt\\cU have been made obvious In the course of the study In the present 
invention Is the fact that the use ol a solvent free of halogertated hydrocarbon makes it possible to obtain a good 
isobutene pofymer even if the dielectric constant of the solvent is low A low dielectric constant system tend6 to show 
a small temperature rise during polymerization reaction. Therefore, the problem of heat removal accompanied by scal- 
ing up the reaction can be easily solved. 

« [0046] In the present invention, the aprotic solvent containing halogonated hydrocarbon, if used as a polymerization 
solvent, should have a dielectric constant of from not less than 3.5 to not more than 5,5 at a temperature of 20°C. 
[00471 Specific examples ol the aprotic solvent containing halogenated hydrocarbon to be used as a polymerization 
solvent include a mixture of halogenated hydrocarbon such as methyl chloride, methylene chloride, 1 ,2-dichbroothane, 
1,1-dichloroethane and chlorination product of propane, butane and pentane and hydrocarbon such as butane, pen- 
tane, neopentane, hexane, cydohexane, methylcyclohexane, elhylcyclohexane, heptane, octane, benzene, toluenB 
and xylene. Examples of the mixed solvent include various combinations such as methylene chlorida/hexane, methyl 
chtorioWhexane, and methylene chloride/heptane. H eretof ore , if a solvent containing halogenated hydrocarbon Is used, 
the polymerization has been often effected in a solvent system having a dielectric constant of not less than 6. In the 
present invention, by reducing the dielectric constant of the solvent, the polymerization ratB can be controlled, making 

25 It possible to control the temperature rise during polymerization. 

[0048] In the present invention, the dielectric constant of the mixed solvent system can be approximately calculated 
by determining the additive mean (arithmetic mean) of the dielectric constant of the constituents over the mixing ratio 
of the constituents on a weight-average basis. The dielectric constant (typical value).of various solvents used for the 
calculation of the dielectric constant of the mixed solvent will be listed below. 

30 [0049] Toluene: 2,24; ethylbenzene: 2.40; o-xylene: 2.27; m-xy!ene: 2.37; n-pentano: 1.84; n-hexane: 1 .89; n-hep- 
tane: 1 .92; methylcyclohexane; 2.02; methylene chloride: 7.77; methyl chloride: 1 2.9 

[0050] In the present invention, the polymerization solvent is preferably free of halogonated hydrocarbon for the 
reason that waste water disposal facilities can be simplified. The term "solvent tree of halogenated hydrocarbon" as 
used in the present application is meant to indicate a solvent which may contain halogenated hydrocarbon to an extent 
3S such that no special treatments for halogenatod hydrocarbon in waste water or waste solvent generated from the 
catalyst deactivation and rinsing process after polymerization reaction are required. 

[0051] In the present invention, an electron donor is preferably used as the component (E) to control side reactions 
more efficiently. As the electron donor component thBre may be widely used any known electron donor components 
having a donor number of from 15 to 50, Preferred examples of such electron donor components include pyridines, 

40 amines, amides, and sulfoxides. 

[0052] Specific examples of the electron donor component usually include 2,6-dM-butylpyridine, 2-t-butylpyridine, 
2,4,6-trimethylpyridine, 2>6-dimethylpyrld1ne, 2-methy [pyridine, pyridine, diethylamine, trimethylamlne, triethylamino, 
tributylamine, diethylamine, IM.N-dlmelhylanlllne, N,N-dimethytformamide, N^-dimethylacetamide, N,N-diethylacata- 
mido, dimethytsulfoxide, diethyl ether, methyl acotato, ethyl acetate, trlmethyl phoBphaie, and trlamide hexamethyi- 

45 phosphate. Preferred among these electron donor components are 2.6-di-t-butylpyridlne, 2.6-dimethy [pyridine, 2-meth- 
ylpyrldlne, pyridine, diethylamine, trimethylamine, trlethylamine, N,N-dimethylformamide, N,N-dimethylacetamide, and 
dlmethylsulfoxide, Picoiines are further preferred Particularly preferred of these electron donors is ct-pleoline (2-meth- 
ylpyridine), which can exert a remarkable effect despite of its small donor number. 

[00G3] In the present invention, the electron donor component is usually used In an amount of from 0.01 to 10 mol, 
so preferably from 0. 1 to 2 mol per mol of the group X In the compound represented by the general formula (1). 

[0054] In the present invention, the polymerization reaction is not specifically limited and can be accomplished by 
any conventional polymerization method. Among the foregoing components, La, (A) cationicalfy poiymerlzable mon- 
omer containing isobutene and (D) Lewis acid, a solution containing (D) a Lewis acjci may be added to a solution of 
(A) a cationically porymerizable monomer containing isobutene in a batch process. Alternatively, a solution of (A) a 
sb cationically poiymerlzable monomer containing isobutylene may be continuously added to a solution containing (D) a 
Lewis acid In a semi-batch process. Further, a continuous process may bB employed which comprises continuously 
charging all the foregoing components iniothe reaction system while withdrawing the reaction product. 
[OOSB] In the present invention, the polymorization reaction can be followed by a substitution reaction or addition 
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reaction on the functional terminal groups formed at the terminate of the polymer to produce an isobuteno polymer 
having carbon-carbon double bonds at the terminals. In other words, the reaction of the resulting isobutene polymer, 
preferably at tertiary chlorine group end, with a specific end capping agent makes it easy toobialn a polymer having 
carbon-carbon doublo bonds at the terminals. In general, the functional terminal group is chiefly a tertiary halogen 

5 group. However, tho foregoing isopropenyl group or internal olefin group may be included. 

[Q056J For example, in the conversion of chlorine group end to carbon-carbon double bond end by the substitution 
reaction using an ally! trimethylsilane, the desired carbon-carbon double bond end can be easily produced only by 
adding a required amount of an allyl Irimethylsilane berorB the deactivation of tha component (D). The reaction tem- 
perature js preferably as low as the polymerization temperature. Since the substitution reaction proceeds at a high rate 

io at low temperatures, it is usually completed in 30 minutes. The amount of the allyl trimethylsilane to be used may be 
from 1,0 to 1,5 mol par mol of the group X in the component (B). If it is necessary to obtain a polymer having a small 
content of carbon-carbon double bonds, the amount ol the allyl trimethylsilane added may ba not more than 1 mol pBr 
mol of the group X. Since the allyl trimethylsilane doesn't take part in the polymerization reaction, it may be added to 
the reaction system before polymerization. 

is 

[Reaction scheme] 
[00571 

20 P<S(CH 3 > 2 CI -> P-C(CH 3 } 2 CH 2 Cri=CH 2 

wherein P represents a polymer residue. 

posB] Further, in the conversion of chlorine group end to carbon-carbon double bond end by the addition reaction 
25 using a non-con ju gal ed diene such as 1 ,9-decadlene, the desired carbon-carbon double bond end can be easily pro- 
duced only by adding a required amount of a non-conjugated diene before the daaeth/ailon of the component (D) as 
in the case where an allyl trimethylsilane is used. The addition reaction temperature is preferably as low as the polym- 
erization temperature. The addition reaction at low temperatures is usually completed In about 6 hours. The amount 
of the non-conjugated diene to be used may be from 1 .5 to 1 0,0 mol per mol of the group X In the component (B). It it 
*> is necessary to obtain a polymer having a small carbon-carbon double bond content, the reaction time may be reduced. 
Alternatively, the amount of 1 ,9-decadiene added may be not more than t mol par mol of the group X. In this system, 
a Lewis acW as the component (D) may be added, or the reaction temperature may be further lowered for the purpose 
of further reducing the addition reaction rate. 

3S [Reaction schema] 

[0069] 

P-C(CH 3 ) S C| -> P-C(CH 3 ) 2 CH 2 CHCI(CH 2 ) e CH=CH 2 

wherein P represents a polymer residue. 

BEST MODE FOR CARRYING OUT THE INVENTION: 

45 

[00G0] The present invention will be further described in the following examples, but the present invention should 
not be construed as being limited thereto. 

Example 1: 

so 

[0061] In a reaction vessel were charged 276 rrtf of toluene, 112 rrtf of an laobutene monomer, 1.156 g of p-DCC 
and 0.166 g of o-picoline. The reaction mixture was then stirred with the reaction vessel being surrounded by a dry 
ice-ethanol bath so that it was cooled to a temperature of -70 b C. A mixture of 3.95 m£ of TiCI 4 and 4 mi of toluene was 
then added to the reaction system to initiate reaction. After the completion of the reaction, the reaction solution was 
ss poured Into a large amount of water with stirring so that it was washed. The resulting organic phase and aqueous 
phase were then separated from each other to remove the catalyst. The organic phase was then subjected to evapo- 
ration under reduced pressure to remove the volatile content. Thus, an isobutene polymer was obtajned. The reaction 
conditions used and the properties ol the polymer thus obtained are shown In Tables 1 and 2 below. 
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Example 2: 

[00S2] The air in a 500-mf four-necked flask with a three-way cock was replaced by nitrogen. Into the vessel* were 
charged 280 m€ of loluene (which had been allowed to stand with molecular sieves 3A overnight or longor so that it 

& was dried) and 2.31 g (10 mmol) of p-DCC through a syringe. To the ihree-way cock was then connected a pressure 
glass liquefied gas thief Tube equipped with a needle valvo in which 1 1 2 mi of an isobutene monomer had been charged. 
The polymerization vessel was then dipped in a -60°C dry Ice/ethanol bath so that it was cooled. The system in the 
vessel was then evacuated by a vacuum pump. Tha naadio valve was then opened so that the isobutene monomer 
was introduced from the liquefied gas thief tubo into the polymerization vessel. Nitrogen gas was then Introduced into 

to the polymerization vessel from one of tha throe ways of the cock so that the pressure of the vessel was returned to 
normal value (atmospheric pressure). 0.1 86 g (2 mmol) of 2-methylpyridine was than charged into the polymerization 
vassal. 2.74 mi (25 mmol) of titanium tetrachloride was then addBd to the -6Q Q C monomar solution to Initiate polym- 
erization. When 60 minutes passed since the initiation of the reaction, 3.42 g (30 mmol) of an ally! trimothylsilano was 
added to the reaction mixture. The reaction mixture was further allowed to undergo reaction at a temperature of -60°c 

is for 1 20 minutes. The reaction solution was than washed with 200 m* of water four times. Tha solvent was then evap- 
orated to obtain an isobutene polymer. The reaction conditions used and tha properties of the resulting polymer are 
altogether shown in Tables 1 and 2. 

Example 3: 

so 

[00S3] The air tn a 300-rrtf four-necked flask with a three-way cock was replaced by nitrogen. Into the vessel were 
charged 112 rrtf of toluene (which had been allowed to stand with molecufar sieves 3A overnight or longer so that it 
was dried). 49 rrrf of heptane (which had been allowed to stand with molecular eieves 3A overnight or longer so that 
it was dried), 1 .16 g (5.0 mmol) of p-DCC and 0.093 g (1 mmol) of 2-methylpyridino through a syringe. To the threa- 
ds way cock was then connected a pressure glass liquefied gas thief lube equipped with a needle valve in which 55 mi 
of an isobutene monomer had been charged. The polymerization vessel was then dipped in a -70* c dry ice/ethanol 
bath so that it was cooled. Tho system in the vessel was then evacuated by a vacuum pump. The needle valve was 
then opened so that tho isobutene monomer was Introduced from the liquajjod gas thief tube into the polymerization 
vessel. Nitrogen gas was then introduced Into the polymerization vessel from one of the three ways of the cock so that 
30 the pressure of the vessel was returned to normal value. 1.64 m€ (15 mmol) of titanium tetrachloride was then added 
to the monomer solution to Initiate polymerization. When 90 minutes passed since the initiation of thB reaction, 1 .15 g 
(10 mmol) of an allyl trim alhylsi lane was added to the reaction mixture. The reaction mixture was further allowed to 
undergo reaction at a temperature of -70*C for 90 minutes. The reaction solution was then washed with 200 rrtf of 
water four times. The solvent was then evaporated to obtain an isobutene polymer. The reaction conditions used and 
33 the properties of the resulting polymer are altogether shown in Tables 1 and 2. 

Example 4: 

[0064] An isobutene polymer was produced in the same manner hb In Example 3 except that 1 28 mi of loluene and 
40 32 mi of heptane we ro used as solvents. The Isobutene polymer thus produced was than evaluated in the same manner 
as In Example 3. ThB reaction conditions used and the properties of tho resulting polymer are altogether shown in 
Tables 1 and 2. Example 5: 

J0065] The air In a 500-ntf four-necked flask with a three-way cock was replaced by nitrogen. Into the vessel wore 
charged 255 mi of toluene (which had been allowed to stand with molecular sieves 3A overnight or longer so that a 

45 was dried), 112 mi ol hexane (which had been allowed to stand with molecular sieves 3A overnight or longer so that 
it was dried) and 1 . 1 6 g (5.0 mmol) ol p-DCC through a syringe. To the three-way cock was then connected a pressure 
glass liquefied gas thief tube equipped with a needle valve In which 1 1 2 mi of an isobutene monomer had been charged. 
The polymerization vassal was then dipped in a -70*C dry ice/ethanol bath so that it was cooled. The system In the 
vessel was then evacuated by a vacuum pump. The needle valve was then opened so that the Isobutene monomer 

» was introduced from the liquefied gas thief tubo into tho polymerization vessel. Nitrogen gas was then Introduced Into 
the polymerization vessel from one of the three ways of the cock so that the pressure of the vessel was returned to 
normal value. 0.186 g (2 mmol) of 2-mothyipyrtd|ne was then added to the reaction system. 7 mi of a loluene solution 
of 2.76 me (25 mmol) of titanium tetrachloride was then added to the reaction system to initiate polymerization, When 
the reaction was initiated, the temperature rise was 8.5*0. When 2 hours passed since the initiation of the reaction, 

« 5.48 mi (50 mmol) of titanium tetrachloride and 13.S3 g (100 mmol) of 1,9-deeadiene were added to the reaction 
system. When 6 hours passed since the addition of 1 ,9-decadlene. the reaction solution was washed with 500 me of 
water four times. The solvent wee evaporated. The resulting isobutene polymer was then dissolved in a small amount 
of hexane. 1 .000 mt of acetone was then added to the reaction solution with stirring so that the polymer separated out 
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by the precipitation. The polymer thus obtained was dissolved in hexane. The volatile content was then evaporated to 
obtain an isobutene polymer. The reaction conditions used and the properties of the resulting polymer are altogether 
shown In Tables ^ and 2. 

s Example 6: 

10066] The air in a 500-rn£ four-necked flask with a throa-way cock was replaced by nitrogen. Into the vessel were 
charged 126 mi of toluene {which had been allowed to stand with molecular sievos 3A overnight or longer so that it 
was dried), 54 mi of melhylcyclohexane (which had boon allowed to stand with molecular sieves 3A overnight or longer 

io so that rt was dried) and 1.16 g (5.0 mmol) ol p-DCC through a syringe. To the throe-way cock was then connected a 
pressure glass liquefied gas thief tube equipped with a needle valve in which 56 m€ of an isobutene monomer had 
bsen charged. The polymerization vessel was then dipped in a -70°C dry iceValhanol bath so thai it was cooled. The 
system in the vessel wa6 then evacuated by a vacuum pump. The needle valve was then opened so that the isobutene 
monomer was introduced from the liquefied gas thief tube into the polymerization vessel. Nitrogen gas was then intro- 

75 duced into the polymerization vessol from one of the three ways of the cock so that the pressure of the vessel was 
returned to normal value. 0.093 g (1 mmol) of 2-methylpyridine was then added to the reaction system. 1.65 n\t (1S.1 
mmol) of titanium tetrachloride was then added to the reaction system to initiate polymerization. 
[0067] When 70 minutes passed since the Initiation of the reaction, 1 .24 g (10.B mmol) of an ailyl trlmethylsilane wa6 
added to the reaction system. The reaction system was further allowed to undergo reaction at a tomperature of -70*C 

so for 90 minutes. The reaction solution was then washed with 400 m* of water four times. The solvent was evaporated. 
The resulting Isobutene polymer was then dissolved in a small amount of hexane. 500 m£ of acetone was then added 
to the solution wfth stirring so that the polymer separated out by the precipitation. The polymer thus obtained was 
dissolved in hexane. The volatile content was then evaporated to obtain an isobutene polymer. The reaction conditions 
used and the properties of thB resulting polymer are altogether shown in Tables 1 and 2. 

ss 

Example 7; 

[0068] An isobutene polymer was produced In the same manner as in Example 1 except that 29 mi of an Isobutene 
monomer, 0,289 g of p-DCC and 0.047 g of a-picoline were charged into the reaction system. The isobutene polymer 
so thus produced was then evaluated in the same manner as in Example 1 . The reaction conditions used and the properties 
of tho polymor thus obtained are altogether shown in Tables 1 and 2. The maximum temperature rise during reaction 
was 5 B C. 

Example 8: 

33 

[0069] An isobutene polymer was produced In the same manner as in Example 7 except that the polymerisation 
temperature was -50*0. The isobutene polymarthus produced was then evaluated in the same manner as in Example 
7. The reaction conditions used and the properties ol the resulting polymer are altogether shown in Tables 1 and 2. 

40 Example 9: 

[0070] An Isobutene polymer was produced in tho same manner ae In Example 7 except that 24a mi of toluene and 
28 mi of hexane ware charged Into the reaction vessel. The isobutene polymer thus produced wa6 then evaluated in 
the same manner as In Example 7. The reaction conditions used and the properties of the polymer thus obtained are 
is altogether shown in Tables 1 and 2. 

Comparative Example 1 ; 

[0071] Into a reaction vessel were charged 276 m* of hexane, 28 m€ of an isobutene monomer, 0.289 g of p-DCC 
so and 0,047 g of a-picoline. Tho reaction mixture was then stirred with the reaction vessel being surrounded by a dry 
jce-ethanol bath so that it was cooled to a temperature of -70 D C. A mixture of 7.9 m€ of TiCI 4 and 4 m£ of hexane was 
then added to tho reaction system to Initiate reaction. After the completion of the reaction, tho reaction solution was 
poured into a large amount ol water with stirring so that it was washed. The resulting organic phase and aqueous 
phase were then separated from each other to remove the catalyst. The organic phase was then subjected to evapo- 
55 ration under reduced pressure to remove the volatile content. Thus, an isobutene polymer was obtained, The reaction 
conditions used and the properties of the polymer thus obtained are altogether ehown In Tables 1 and 2 below. 
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Example 10; 

[0072] Into a reaction vessel were charged 76 mi of methane dichloride, 196 m£ ol hexane. 28 nrtf of an isobutBne 
monomer. 0.269 g of p-DCC and 0.047 g of a-pico|jne. The reaction mixture was then stirred with the reaction vessel 

$ being surroundBd by a dry Ice-elhanol bath so that il was cooled to a temperature of -70°C. A mixture of 3.95 mtf of 
TjCI 4 and 8 mt of methane dichloride was then added lothe reaction system to initiate reaction. After the completion 
of the reaction, tho reaction solution was poured into a large amount of water with stirring so that it was washed The 
resulting organic phase and aqueous phase wore then separated from each other to remove the catalyst. The organic 
phase was then subjected to evaporation under reduced pressure to remove the volatile content. Thus, a polymer 

io product was obtained. The reaction conditions used and the properties of the polymer thus obtained are altogether 
shown in Tables i and 2 below 

Example 11: 

*s [0073] Intoa reaction vessel were charged 56 m* of methane dlchtarido and 216 m€ of hexane. Tho other reaction 
conditions were the same as used in Example 1 0. A solution of 3.95 nrtf of a catalyst in 8 m* of hexane was Iben poured 
into the reaction vessel to initiate reaction. Thus, a polymer product was obtained. The reaction conditions used and 
the properties of the resulting polymer are altogether shown in Tables 1 and 2 below. The maximum temperature rise 
during reaction was 7°C. 

20 

Example 12: 

[0074] A reaction was effected in the same manner ae In Example 10 except that 104 m€ of methane dichloride and 
163 rrtf of hexane were charged into the reaction vessel. Thus, a polymer product was obtained. During the reaction, 
25 9.95 g of 1 ,9-decadieno was addod to tho reaction system to introduce a functional group Into the polymer. The reaction 
temperature was -50°C. The reaction conditions used and the properties of the resulting polymer are altogether shown 
in Tables 1 and 2 below. 

[0076] The molecular weight of the polymer product and its distribution were moasu red by G PC analysis. As a result, 
no low molecular by-products were detected. The maximum temperature rise during reaction was 7°C. 

30 

Comparative Example 2: 

[0076] Intoa reaction vessel were charged 29 rrrf of methane dichloride and 244 m* of hexane. The other conditions 
were the same as used In Example 1 0. A solution of 3.95 mt of a catalyst in B rrtf of hexane was then poured into the 
35 reaction vessel to initiate reaction. Thus, a polymer product was obtained. Tho reaction conditions used and tho prop- 
erties ol the resulting polymer are altogether shown in Tables 1 and 2 below. 

Comparative Example 3; 

40 £0077] A reaction was effected In the same manner as in Example 1 2 except that 160 rrtf of methane dichloride. 1 1 2 
mt of hexane and 0.578 g of p-DCC were charged into the reaction vessel. Thus, a polymer product was obtained. 
The reaction conditions used and the properties of the resulting polymer ar© altogether shown In Tables 1 and 2 bolow 
The molecular weight of the polymer product and Ub distribution were measured by QPC analysis. As a result, low 
molecular by-products were detected in a molarf taction of 0.2. The maximum temperature rise during reaction was 9*C. 

4S 

Comparative Example 4: 

[0078] A reaction was effected in the same manner as in Comparative Example 3 except that 188 mf of methane 
dichloride and 84 rrtf of hexane wero charged into the reaction vessel. Thus, a polymer product was obtained. The 
so reaction conditions used and the properties of the resulting poiymor are altogether shown in Tables 1 and 2 below. "Hie 
molecular weight of the polymer product and its distribution were measured by O PC analysis. As a result, low molecular 
by-products were detected In a molar fraction of 0.4. The maximum temperature rise during reaction was 10*0, 



Table 1 




Solvent (charged amount 


Dielectric Constant 


Monomer Concentration (wt%) 










Example 1 


toluene (276) 


2.2 


I" 24 
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Table 1 (continued) 







Solvent (charged amount 
(mQ) 


Dielectric Constant 


Monomer Concentration (wt%) 


5 


Example 2 


toluene (280) 


2.2 


24 




Example 3 


toluene (112), heptane (49) 


2.2 


36 


10 


Example 4 


toluene (123), heptane (32) 


2.2 


36 




Exampla 5 


toluene (262), hexano (112> 


2,2 


20 


!S 


Example 6 


lOiuen© \ ibO), 

meihylcyclohexane (54) 




20 




C/tariijJio t 




2.2 


7 


20 


Example 6 


toluene (276) 


2.2 


7 




Example 9 


toluene (248), hexane (2B) 


2.2 


8 


£5 


Example 10 


methylene chloride (84), 
hexano (196) 


4.6 


7 


30 


Example 11 


methylene chloride (56), 
hexane (224) 


3.9 


8 


Example 12 


methylene chloride (112), 
hexane (168) 


S,0 


7 


3£ 


Comparative Example 1 


hexane (276) 


1.9 


9 




Comparative Example 2 


methylene chloride (28), 
hexane (252) 


3,0 


Q 


40 


Comparative Example 3 


methylene chloride (169), 
hexane (112) 


6.3 


6 




Comparative Example 4 


methylene chloride (196), 
hexane (84) 


6.7 


6 



45 



[0079] It can be seen from the results shown in Table 1 that Examples 1 to 9. wherein an aproUc solvent free of 
halogenated hydrocarbon was used as a polymerization soh/ent, exhibit a dielectric constant of from not less than 2.0 
to not more than 4.0. It can also be seen that Examples 1 0 to 1 3, wherein a solvent containing halogenated hydrocarbon 
was used, exhibit a dielectric constant of from not less than 3.5 to not mora than 5.5. 

so 



15 



PAGE 21/27 4 RCVD AT 1/8/2007 3:02:29 PM [Eastern Standard TimeJ * SVR:USPTO-EFXRF-5/0 * DNIS:2738300 * CSID:281 834 1231* DURATION (mm-ss):05-26 



JAN-08-200? HON 02:06 PM EXXONMOBIL 



FAX NO. 281 834 1231 



P. 22 



EP 0 71 3 883 B1 



Table 2 



70 



1S 



20 



25 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Example 9 
Example 10 
Example 11 
Example 12 

Comparative Example 1 
Comparative Example 2 
Comparative Example 3 
Comparative Example 4 



GPC 



Mn 



16,000 
7,200 
7,700 
7,900 
16,700 
8,800 
14,600 
14,300 
16,100 
18,500 
15.800 
18,500 
1,550 
2,060 
9,310 
9.270 



Mw/Mn 



1.13 

1.24 

1.35 

1.32 

127 

1.37 

1.12 

1.2 

1.10 

1.07 

1.0B 

1.2 

7,02 

7.44 

1.75 

1.6 



Fn(C=C)D 



1.95 
2.09 
2,02 
1.64 
1.90 



1.79 



NMfl 



Fn(indanyl) 2 > 



0.16 

0.0 

0.0 

0.0 

0.0 

0.0 

0.17 

0.18 

0.14 

0,11 

0.13 

0.17 

0.B7 

0.60 

0,21 

0.26 



Mn(cal.) 



9,100 
8,700 
8,800 
19 P 500 
9,600 



1 ) Average by number of raibon-oArlson doubto beniia contained in one molecule of iaobuto*ft polymer 

2) Average by number of indenyl fp-oupe qontelned In ono molecule of ieobufena polymer* 

[0080] The results In Table 2 show that a solvent system having a high monomer concentration free of Mogmoted 
hydrocarbon can provide an isobutene polymer having a low Mw/Mn ratio and a high terminal »^ 
also seen trom the results of Comparative Example 1 that a solvent system comprising hexane alone cannot provide 
a good polymer. 

INDUSTRIAL APPLICABILITY: 



35 



40 



[0081] 



(1) By selecting a specific solvent system, it Is mad* possible to prevent the resulting polymer from being precip- 
itated and enhance the monomer concentration during polymerization. 

(2) By selecting a specific solvent system, it is made possible to obtain a good polymer having a narrow molecular 
weight distribution and a small number of indanyl groups. u„ H ^* AA in 

(3) If a solvent free of halogenated hydrocarbon is used, no special treatments for habgenated hydrocarbon in 
waste water or waste solvent generated from the catalyst deactivation and rinsing process after polymsrization 
reaction are required. 



45 Claims 



50 



1 A process for preparing an isobutene polymer having functional groups at the terminals at a temperature of from 
not lower than -100°C to not higher than 0'C from the following components as essential components : 

(A) a cationically polymerizable monomer containing isobulene; 

(B) an organic compound as an initiator/chain transfer agent represented by formula (1>: 



55 
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wherein x represents a halogen atom, RO- group or RCOO- group (In which R represents a monovalent 
organic group); R 3 represents a polyvalent aromatic group or substituted or unsubstituted polyvalent aliphatic 
hydrocarbon group; R 1 and R2 may bo the same or different and each represent a hydrogen atom or substituted 
or unsubsliluled monovalent hydrocarbon group, with the proviso that when R 3 is a polyvalent aliphatic hy- 
drocarbon group, one of R 1 and R 2 le not a hydrogen atom; and n represents an integer of trom 1 to 6; 

(C) an aprotic solvent free of halogonated hydrocarbon; and 

(D) a Lewis acid, excluding dialkyl aluminium chloride and dialKyl boron chloride. 

wherein said component (C) exhibits a dielectric constant of from not less than 2.0 to not more than 4.0 at a 
Temperature of 20 fl C. 

2. A process for preparing an isobutene polymer having functional groups at the terminals at a temperature of from 
not lower than -100 8 C to not higher than 0*C from the following components as essential components: 

(A) a cationically polymerlzabla monomer containing isobutene; 

(B) an organic compound as an inrliator/chain transfer agent represented by formula (1): 



wherein X represents a halogen atom, RO- group or RCOO- group (in which R represents a monovalent 
organic group); R 3 represents a polyvalent aromatic group or substituted or unsubstituted polyvalent aliphatic 
hydrocarbon group; Ri and R2 may be the same or different and each represent a hydrogen atom or substituted 
or unsubstituted monovalent hydrocarbon group, with the proviso that when R» Is a polyvalent aliphatic hy- 
drocarbon group, one of and R* is not a hydrogen atom; and n represents an Integer of from 1 to 6; 

(C) an aprotic solvent containing halogenated hydrocarbon; and 

(D) a Lewis acid, excluding dialkyl aluminium chloridB and dialkyl boron chloride 

wherein said component (C> exhibits a dielectric constant of from not loss than 3.5 to not more than 5.5 at a 
temperature ol 20* C. 

3. The process for preparing an isobutene polymer terminated by functional groups according to Claim 1 or 2, wherein 
said component (C) contains an aromatic hydrocarbon. 

4. The process for preparing an Isobutene polymer terminated by functional groups according to any one ol Claims 
1 to 3, wherein said component (C) is a mixture of an aromatic hydrocamon and an aliphatic hydrocarbon. 

5. The process for preparing an isobutene polymer terminated by functional groups according to any one ol Claims 
1, 3 and 4, wherein said component (C) exhibits a dielectric constant of from not less than 2.0 to not more than 
2.5 at a temperature of 2O 0 C. 

6. The process tor preparing an isobutene polymer terminated by functional groups according to any one of Claims 
3 to 5, wherein said aromatic hydrocarbon is selected from the group consisting ol benzene, toluene, xylene and 



7. The process lor preparing an isobutene polymer terminated by functional groups according to any one of Claims 
1 to S, wherein the concentration ol said component (A) in the eystem is from 5 to 40 wt%. 




ethylbenzene. 
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8. The process for preparing an isobutene polymer terminated by functional groups according to any one ol Claims 
1 to 7, wherein said component (B) Is selected from the group consisting of p-dicumyl chloride, m-dicumy) chloride, 
p-dicumyl metfioxjdo, m-dicumyl methoxide, 1,3,5-tricumyl chloride and 1,3,5-trlcumyl methoxlde. 

5 9. The process lor preparing an Isobutene polymer terminated by functional groups according to any one or Claims 
1 to 8. wherein said component (D) is boron trichloride or titanium tetrachloride. 

10. The process for preparing an Isobutene polymer larmlnaied by functional groups according to any one of Claims 
1 to 9, wherein an electron donor is further added as a component (E) in addition to said components (A) to (D). 

10 

11. A process for preparing an isobutene polymer having carbon-carbon double bond6 at the terminals, which com- 
prises adding an allyl trimethylsilane in an amount of from 0.5 to 1 .5 moi per mol of the group X in said component 
(B) before tho formation of an isobutene polymer terminated by functional groups according to any ono ot Claims 
1 to 10 or before the deactivation ol said component (0) following the formation of said isobutene polymer. 

12. A process for preparing an isobutene polymer having carbon-carbon double bonds at the terminals, which com- 
prises adding 1 ,9-decariiene in an amount of from 1.5 to 10.0 mol per mol of the group X in said component (B) 
before the formation of an Isobutene polymer terminated by functional groups according to any one of Claims 1 to 
10 or before tho deactivation of said component (D) following the formation of said isobutene polymer. 

20 

Patentanepruche 

1. Verfahrenzur Herstellung elnas Isobutenpolymors, das endstandlgefunktioneiie GruppBn autwelst, bei einerTem- 
*5 peratur nicht unterhalb von -1 00°c bis nicht oberhalb von 0 D C aus den folgenden Kompononten als weeentlichen 
Komponenten: 

(A) ein Kationisch pofymerlslerbares Monomer, das leobuten enthalt; 

(B) eine organische Verblndung als Initiator/KettBnObertragungsraagens, dargestellt durch die Formal <|) 

30 



95 




wobei X ein Halogenatom, oinen RORest Oder RCOO-Rost darstellt (wobei R einen einwertigen organischen 
Rest darstellt); R 3 ejnen mehrwertigen aromatischon Rest oder einen substrtuierten odar unsubstituierten 

40 mahrwartigen aliphatlschen Kohlenwassorstoff rest darstellt; R 1 und R* die glefch oder verschisden sein Icon- 

nen, ein Waseerstotfatom oder einen subatituierten Oder unsubstilulBrten einwertigen Kohlenwasserstoffrest 
darstellen, mit der Maflgabe, daB. falls R 3 ein mehrwertiger allphalischer Kohlenwassorstoff rest 1st, entweder 
R* oder R* kein Wasserstoffatom ist; und n eine ganze Zahl von 1 bis S darstellt; 
(C) Gin aprotischos Losungsmtttel, das frei von hafogonierten Kohlenwassorstoffon ist; und 

45 (D) eine Lewissaure, ausgenommen Dialkylaluminiumchlorid und Dlalkylborchlorid, 

wobei die Komponente (C) eine Dlelektrlzitatskonslanto von nicht wenlger als 2,0 bis nicht mehr als 4.0 bei einer 
Tem peratur von 20° C aulweist. 

so 2. vorfahren zur Herstellung dines Isobutenpolymors, das endstandlge funktionolla Gruppen aulweist bei einer Tern- 
peratur nlcht unterhalb von-100°C bis nicht oberhalb von O^C aus den folgenden Komponenten als wBsentllche 
Komponenten: 

(A) ein kationisch polymerlslerbares Monomer, das Isobuten enthalt; 
55 (B) oino organische Verblndung als Initiator/Wettonubertragungsreagens, dargaslellt durch die Formel (I) 
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n 1 



SO 



wobai X Gin Halogenatom, einen RO-Rest oder RCOO-Rest darstellt (wobei fl einen einwartigen organischen 
Rest darstellt); R° einen mehrwertigan aromatischen Rest oder einan substilulerten oder unsubstrtuierten 

to mehnwertigen allphatischen Kohl enwasserstoff rest darstalit; R 1 und R 2 t die gleich cdarvorschiBden seln kon- 

nan, ein Wasserstoffatom odar einen eubstituiarton oder uneubstitujerlBn einwertigan Kohfenwasserstoffrost 
dareiellen, mit der MaBgabe, daG, falls R 3 ein mBhrwertlger aliphatischer Kohlanwasserstoffrest 1st, entwoder 
R 1 oder R2 vcein Wassarstoffaiom iet; und n elno ganze Zanl von 1 bis 6 darstellt; 
(C) ein eprotischas LosungamiUel, das halogeniarlen Kohlenwasserstoff enthalt; und 

15 (D) elne Lewissaure, ausgenommen Dialkylalumlnfumchlorid und Dlalkylborchlorid, 

wobai die Komponente <C> sine Dietektrizilatakonstanto von nlchl weniger als 3,5 bla nicht mehr ale 5,5 bel einer 
Tamporatur von 20*0 aufweist. 

so 3. Varfabren zur Herslellung e'mesdurch funktionelle Gruppon abgeschlossenan laobutenpolymers gemaG Anspruch 
1 oder 2, wobel Komponanta (C) ainen aromatischan Kohlenwasserstoff enthalt. 

4. Verfahren zur Herstellung oineB dutch lunktionelle Gruppen abgeschtossenen Isobutanpolymers gernaB oinom 
der AnsprQche 1 bis 3, wobel Komponente (C> elne Mischung auB elnem aromatischen Kohlenwasserstoff und 

26 elnam aliphatischon Kohlenwasserstoff ist 

5, Varfahren zur herateilung eines durch tunkuonelle Gruppan abgeschloBsenan leobulenporymers gernaB elnem 
dor AnsprQche 1 , 3 und 4, wobai Komponente (C> eino Dielektrlzlta^skonstante von nicht wanigar als 2,0 bte nicht 
mehr als 2,5 bel einer Temperatur von 20 a C aufweist 

Varfahran zur Herateilung eines durch funkltonelte Gruppon abgeschlossanen I sobuten polymers gemaG einem 
dor AnsprQche 3 bis 5, wobai dar aromaliaehe Kohfenwasserelolf ausgewahlt 1st aus Benzol, Toluol, Xylol, und 
Ethylbenzol. 

& 7. Verfahren zur Herstellung einsa durch funktionelle Gruppen abgaschloeeenen Isobutanpolymers gemaB oinem 
der AnsprQche 1 bis 6, wobei die Konzantration der Komponanta (A) im System boi 5 bis 40 Gew-% liogt. 

e. Varfahron zur Herslellung eines durch funktionelle Gruppan abgeBchlossenon Isobulenpolymers goma'B elnem 
der AnaprOche 1 bis 7, wobei Komponente (B) ausgewahlt ist hub p-Dicumylchlorid, m-D'icumylchlorid, p-Dlcumyl- 
40 methoxld, m-Dfcumylmethoxid, 1,3,5-Trlcumylchlorid und 1 ,3,5-Tricumylmethoxid. 

9. Varfahren zur Horstoflung elnas duneh funktionelle Gruppen abgoschlossenen Isobulenpolymers gernaB oinem 
der AnsprQche 1 bis B. wobai Komponente" (D) Bortrichbrld oder Titantetrachlorid ist. 

4* 10. Varfahren zur Herstellung eines durch funktionelle Gruppen abgaschiosaenen Isobulenpolymers gemaB oinem 
dor AnsprQche 1 bis 9. wobel weiterhin ein Elektronendonor als Komponente (E) zusfilzllch zu den Komponenten 
(A) bis (O) zugegeben wird. 

11. Verfahren zur Herstellung eines Isobutanpolymers, das endetandige Kohlenstoff-Kohlenstoff-Doppelblndungen 
so tragi umfaaeend die Zugabe olnas Allyltrimethylsilans In elner Manga von 0,6 bis 1 .5 Mol pro Mol des Restes X 
In Komponente (B) vor der Erzeugung eines durch funktionelle Gruppen abgeschlossanen Isobutenpotymors ge- 
maB elnam der AnsprQche 1 bis 10 odar vor der PeaktMerung der Komponente (D), dio der Erzeugung das iso- 
b utenpolyme rs f ol gt 

ss 12. Verfahren zur HBrstellung eines Isobutanpolymers, das endstandfge Kohlenstoff-Kohlenstoff-Doppolbindungen 
tragt, umfaaeend die Zugabe von 1,9-Decadlen In Dinar Mange von 1,5 b|s 10,0 Mc4 pro Mol deo Restes X in 
Komponente (B) vor dar Erzeugung eines durch funktionelle Gruppan abgaachlossanon Isobutenpolymers gernaB 
einom der AnsprQche 1 bis 1 0 oder vor der Deaktivierung dor Komponente (D), die der Erzeugung dea laobuten- 
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polymers folgt. 



Revendicatlons 

5 

1. Precede pour la pr6paratlon d'un polymore d'lsobutene presentant dee groupes tonctionnels aux terminaisons a 
una temperature d'au molna -10O°C a au plus O'C a partir das constituents suivants on tartt que constituents 
ossentiels : 

10 (A) un monomere caiioniquement polymerisable contonant d© I'isobutano ; 

(B) un compose organique en lanl qu'initiatour/agent de transfert do chalne represent par la formula (1) : 



1S 



so 



It 1 

R^(:-x )p (i) 



dans laquelle X represents un atoms d'hatogeno, un groupe RO- ou un groups RCOO- (dans lequel R repre- 
sents un groups organique monovalent) ; R 3 represents un groups aramatlque polyvalent ou un groupe hy- 
drocarbone aliphatique polyvalent substitue ou non substitue ; R 1 et R 2 peuvent etre Idantiques ou dilterents 
et represented ehaeun un atome d'hydrogene ou un groupe hydrocarbone monovalent substitue ou non subs- 
£S titue, a la condition que lorsque R 3 est un groupe hydrocarbono aliphatique polyvalDnt, un parml R 1 el R 2 n'est 

pas un atome cfhydrogene ; et n represent© un nombre entier de 1 a 6 ; 

(C) un sorvant aprotique exempt d'hydrocarbure halogens ; et 

(D) un aclde de Lewis a rexctusion du chlorure de dialkylalumlnlum etdu chlorure de dialkylbore. 

30 dans lequel leditconstituant(C)presente une constants di si ectriquecfau moins 2,0 a au plus 4,0 a une temperature 

2. Procede pour la preparation d'un polymers d'leobutene prSsontant dee groupos fonctlonnels aux terminaisons a 
une temperature cfau moins -100*C a au plus 0 8 C a partir das constituanls suivants en tant que constlluants 
3$ essontfols: 

(A) un monomers cation Iquement polymerisable contenant de risobutene ; 

(B) un compose organique en tant qu'inrtlateur/agent de transfort de chains rapresonto par la lormule (1 ); 

40 



45 



dans laquelle X represents un atome cfhalogene, un groupe RO- ou un groupe RCOO- (dans lequel R repre- 
$o seme un groupe organiquo monovalent); R 3 represento un groups aromatlque polyvalent ou un groupe hy- 

drocarbone aliphatique polyvalent substitue* ou non substitue ; R 1 et R 2 peuvenl etre Identiques ou differents 
et represented chacun un atome d'hydrogene ou un groupe hydrocarbone monovalent substitue ou non subs- 
titue, a la condition que lorsque R 3 est un groupe hydrocarbon^ aliphatique polyvalent, un parmi R 1 el R 2 n'est 
pas un alome d'hydrogene ; et n represent© un nombre emior de 1 a 6; 
« (C) un solvant aprotique contenant un hydrocarbure halogsne ; et 

(D) un acide de Lowis a rexclusion du chlorure do djaJkylalumlnium et du chlorure de dialkylbore, 

dans lequel ledlt constituant (C>prasonte une constant© dtelsctrique cfau moins 3,5 a au plus 5,5 a una temporaturo 
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da 20 n C. 

3. Proc6de pour la preparation cfun polyrnorB d'isobutene termini par daa groupes fonctionnols selon la revendication 
1 ou 2, dans tequel ledit eonstiruani (C) conllenl un hydrocarbure arornaliqua, 

s 

4. Procede pour la preparatton d'un polymere d'isobutene tarmine par des groupes foncKonnels selon Tuna qualcon- 
que dee revandications 1 a 3, dans (equal ledit constituant (C) est un melange d'un hydrocarbure aromatiqua at 
d'un hydrocarbure aliphatiqua. 

10 5. Procecle pour fa preparation d'un polymere d'isobutano tormina par das groupes foncllonnele salon I'uno quolcon- 
que das re venditions 1, □ et 4, dans lequel ledit con3tituanl (C) presenta una constants dielectriquo d'au moins 
2,0 a au plus 2,5 a una temperature de 20°C. 

6. Precede" pour la preparation d'un polymere d'isobutene termine par dee groupes lonctjonnels selon I'une qualcon- 
is que das revandications 3 a 5, dans lequel ledit hydrocarbure aromatiqua ost choisi panml le benzene, lo toluene, 

la xylene et I'fithylbenicene. 

7. ProcSde pour la preparation d'un polymere d'isobutene termine par dee groupes fonctionnele selon Tune qualcon- 
que das revandications 1 a 6, dans loquel la concentration dudrt conslttuant (A) dans lo systeme est d© 5 a, 40 % 

so e n poJds. 

5. Proceed pour ia preparation d'un polymere d'jsobutone termln6 par das groupes fonctionnels salon Puna quelcon- 
que das revandications 1 a 7, dans leque) ledit constituant (3) est choisi parml le chlorure d© p-diqumyla, la chlorure 
da m-djcurrryje, la p-dictimylm6thoxyda, le m-dicumylmethoxydB, la chlorure de 1 ,3,5-irtcumyle at le 1,3,5-trlcu- 

*s mylmathoxyda. 

9. Procede pour la preparation d'un polymere d'isobutene termine par dee groupes fonctionnals salon t'une quelcon- 
que das revendlcatlone 1 k 3, dans laquel ledit constituant (D) est lotrichlorure da bora ou lo tetrachlorure de titane. 

30 10. Precede* pour la preparation d'un polymere d'isobutene termine par das groupas lonctionnels selon Puna quaicon- 
qua dea rovendlcallons 1 a 6, dans laquel un donneur d'electrons est en outre ajoutd on tant que constituant (E> 
en plua desdita constituants (A) £ (D) 

11. Procode pour la preparation d'un potymera d'isobutene prdaentant das doubles liaisons carbono-carbone aux 
ss terminaisons, loquel cornprend I'addition d'un allyltrimethylsilane dans uno quanta de 0,5 a 1 .5 molo par mote du 
groupo X dans ledit constituant (B) avant la formation d'un polymere d'isobutene termine par das groupes fonc- 
tionnels selon Tuna qualconquo daa revendications 1 a 10 ou avant la deactivation dudlt constituant (D) suivant 
la formation dudit polymere d'ieobutene, 

40 12. Procede pour la preparation d'un polymere d'isobutene presentant des doublaa liaisons carbone-caroone aux 
terminai6ons, lequal comprand I'addilion d© 1,9-dacadien© dans un© quantite de 1,5 a 10.0 mole par mola du 
groupo X dans ledit constttuanl (B) avant la tormation d'un polymers d'jsobulene termine par das groupea fonc- 
tionnals salon I'uno quelconque dee revandications 1 a 10 ou avant la deactivation dudit constituant (D) suivant 
la tormation dudit polymere cPisobuteno. 

4S 
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